Purpose: The purpose of this article is to describe the rationale, clinical processes, and outcomes of an intensive comprehensive aphasia program (ICAP). Method: Seventy-three community-dwelling adults with aphasia completed a residentially based ICAP. Participants received 5 hr of daily 1:1 evidence-based cognitivelinguistically oriented aphasia therapy, supplemented with weekly socially oriented and therapeutic group activities over a 23-day treatment course. Standardized measures of aphasia severity and communicative functioning were obtained at baseline, program entry, program exit, and follow-up. Results were analyzed using a Bayesian latent growth curve model with 2 factors representing (a) the initial level and (b) change over time, respectively, for each outcome measure. Results: Model parameter estimates showed reliable improvement on all outcome measures between the initial and final assessments. Improvement during the treatment interval was greater than change observed across the baseline interval, and gains were maintained at follow-up on all measures. Conclusions: The rationale, clinical processes, and outcomes of a residentially based ICAP have been described. ICAPs differ with respect to treatments delivered, dosing parameters, and outcomes measured. Specifying the defining components of complex interventions, establishing their feasibility, and describing their outcomes are necessary to guide the development of controlled clinical trials.
I
n recent years, several intensive comprehensive aphasia programs (ICAPs) have been established in an attempt to improve access to services and to maximize client outcomes. In a recent survey of ICAPs, Rose, Cherney, and Worrall (2013) defined the service delivery model as one that provides a minimum of 3 hr of daily treatment over a period of at least 2 weeks and includes individual and group therapy, current technologies, and client/family education to target both impairment and activity/participation levels of language and communicative functioning. The survey revealed considerable variability across programs with respect to the treatment approaches used (e.g., cognitivelinguistic, compensatory, social participation), dosing and timing attributes (e.g., intensity and duration), and the types of outcomes measured. The report did not provide clinical outcome data from the respective programs surveyed, although one ICAP had previously reported positive outcomes on standardized measures of naming and connected speech in 40 participants with aphasia following 24 hr of weekly therapy for 6 consecutive weeks (Hinckley & Craig, 1998) .
In this report, we review the literature addressing the influence of treatment intensity on treatment response in persons with aphasia and discuss additional factors that have served as catalysts for the development of ICAPs. We then describe the rationale, clinical processes, and outcomes of a residentially based intensive aphasia treatment program operated by the VA Pittsburgh Healthcare System (VAPHS).
The influence of treatment intensity on treatment response has received considerable attention in the aphasia literature since Robey's (1998) meta-analysis of 55 quasiexperimental aphasia treatment studies. The analysis included 60 within-subject effects across the 55 studies, 12 of which had examined treatment intensity. The findings revealed larger average effect sizes for studies that provided 2 or more hr of treatment per week as compared with those providing less than 2 hr of weekly treatment. Robey concluded that "the more intense the treatment, the greater the change" (p.180).
In a subsequent report, Bhogal, Teasell, and Speechley (2003) examined the relationship between intensity of treatment and treatment outcomes in 10 clinical trials comprising 864 stroke survivors with aphasia. As compared to five trials that reported negative outcomes, the five positive trials provided, on average, more total treatment hours (108 vs. 44) and used a more intensive treatment schedule (8 hr/week vs. 2.5 hr/week) over a shorter treatment interval (11.2 weeks vs. 22.9 weeks). Despite acknowledging some limitations of the primary studies, the authors concluded that "intensive therapy delivered over 2 to 3 months is critical to maximizing aphasia recovery and failure to provide it potentially compromises individual outcomes" (p. 991).
More recently, Cherney and colleagues (Cherney, Patterson, & Raymer, 2011; Cherney, Patterson, Raymer, Frymark, & Schooling, 2008) conducted a series of evidencebased systematic reviews of studies published between 1990 and 2011 that directly compared conditions of higher versus lower doses of aphasia therapy. Eleven studies comprising 195 stroke survivors with aphasia were included in the reviews. Results of these studies were examined with respect to the chronicity of the study sample (acute vs. chronic) and the types of outcome measures obtained (impairment vs. activity/ participation). On the basis of the cumulative evidence, Cherney et al. (2011) concluded that no clear advantage emerged across studies for intensive treatment schedules as compared to nonintensive schedules regardless of aphasia chronicity or the types of outcomes measured.
A Cochrane Collaboration review (Brady, Kelly, Godwin, & Enderby, 2012) of six randomized controlled clinical trials directly comparing higher versus lower doses of aphasia therapy reported "some indication of the benefits of intensive approaches" (p. 39) as compared to conventional treatment doses. However, the authors qualified these findings, noting a significantly higher dropout rate for participants assigned to intensive treatment conditions and a failure to conduct intention-to-treat analyses in the primary studies.
During the period in which these findings were emerging, changes in reimbursement policy resulted in decreasing lengths of stay for inpatient rehabilitation and shifted the focus of rehabilitation services to outpatient settings (Ottenbacher et al., 2004) . The shift to outpatient service delivery and the establishment of per-person Medicare spending limits or therapy caps limited access to care for many communitydwelling persons with aphasia. Demographic, geographic, and transportation factors also represent significant barriers to outpatient care Arcury, Preisser, Gesler, & Powers, 2005; Chapey et al., 2001; Nemet & Bailey, 2000) . For example, the Veterans Healthcare Administration (VHA), whose medical centers serve large and frequently rural catchment areas, has experienced high no-show and 
Clinical Processes
Program referral and admission. Referrals to the program are accepted from VHA medical centers and Department of Defense hospitals nationwide. All candidates referred to PIRATE are required to complete a program application that requests family, educational, and employment history as well as information regarding cause of aphasia, date of onset, and prior treatment history. Also completed at the time of application is a detailed medical history form that includes an inventory of clinical symptoms across organ systems (review of systems), current medications, and cardiovascular risk factors. These documents and the electronic medical record are reviewed and discussed by the PIRATE caseworker, SLPs, and physician. Subsequent phone interviews are conducted by team members with the candidate, family or caregivers, referring physician, and local SLP to clarify and further explore information provided in the application materials and medical record. Specific areas of inquiry include mood and behavioral status, level of independence in activities of daily living (ADLs), including medication management, aphasia treatment history, predicted tolerance for intensive treatment, motivation to participate in treatment, family support and involvement in the plan of care, and disqualifying comorbidities (e.g., recent or uncontrolled seizures, uncontrolled hypertension, and cardiac arrhythmias).
Candidates who are determined to be of stable medical and mental health status, independent in ADLs, and able to tolerate an intensive treatment schedule are then scheduled for a comprehensive speech-language evaluation which is the final data source used to determine program admission.
Speech-language evaluation. In addition to serving as a factor for program admission, the initial speech-language assessment is designed to identify the nature and severity of the candidate's communication disorder and to describe the cognitive and linguistic processing deficits underlying their communication difficulties. Two primary assessment instruments are used for these purposes: (a) the Comprehensive Aphasia Test (CAT; Swinburn, Porter, & Howard, 2004) , which provides a measure of overall aphasia severity as well as an analysis of the nature of the language impairment in relation to current psycholinguistic theories of language processing (Howard, Swinburn, & Porter, 2010) , and (b) a connected speech sample (Nicholas & Brookshire, 1993) , which permits an analysis of the morphological, lexical, and syntactic elements of the candidate's spoken language. On the basis of these findings, selected supplemental tests are administered at the discretion of the examining SLP. These include, but are not limited to, the Psycholinguistic Assessments of Language Processing in Aphasia (PALPA; Kay, Lesser, & Coltheart, 1992) , Pyramids and Palm Trees (Howard & Patterson, 1992) , the Northwestern Assessment of Verbs and Sentences (NAVS; Cho-Reyes & Thompson, 2012) , and the Philadelphia Naming Test (PNT; Roach, Schwartz, & Martin, 1996) . These supplemental assessments are administered to provide additional information regarding the nature and locus of linguistic processing deficits identified by the CAT and to guide the development of individualized treatment plans.
For example, selected subtests of the PALPA and error analysis of PNT items can be used to identify impaired lexical-semantic and/or phonological processes within models of word production (e.g., Schwartz, Dell, Martin, Gahl, & Sobel, 2006) . Identifying which psycholinguistic processes are impaired may then be used to focus wordfinding treatments. Similarly, performance on the NAVS and analysis of the connected speech sample may be used to identify specific sentence-level impairments, for example, whether such impairments are specific to syntactically complex sentences or extend to simple sentences or verb-argument structures. This information can then guide the choice of sentence-level treatments.
On completion of the initial evaluation, the findings are documented in the electronic medical record and reviewed with candidates and their caregivers. Decisions regarding program admission are provided at this time, along with a rationale for any decision not to admit a particular candidate.
Candidates who are offered program admission participate in a separate treatment planning meeting with the PIRATE team to discuss short-term treatment goals, potential psycholinguistically motivated treatment options, personal and environmental factors affecting their communicative functioning, and compensatory strategies aimed at eliminating barriers and facilitating engagement in valued life activities. These discussions proceed from self-selected goals identified on the initial application and are further formulated on the basis of the results of the initial evaluation and discussions with the candidate and caregiver regarding his or her functional communication needs and valued life activities. The selection of treatment stimuli is also informed by these collaborative discussions and, wherever possible, tailored to the identified goals, interests, and life situation of individual participants.
The current program admission rate is 50% of referrals. The three most common exclusions are (a) unacceptable medical risk as determined by chart review, laboratory test results, and physical exam performed by a VHA physician; (b) inability to perform ADLs independently as determined by clinical exam performed by a VHA-licensed occupational therapist; and (c) the presence of nonlanguage cognitive deficits predicted to limit a candidate's potential to participate in or benefit from treatment as determined by chart review, client/family interviews, neuropsychological tests results (when available), and performance on the cognitive screen of the CAT.
Psycholinguistically oriented treatment approaches. The treatments provided in PIRATE are grounded in current psycholinguistic and cognitive neuropsychological approaches to aphasia therapy. As indicated above, participants' language impairments are described in reference to current models of language processing, and treatments motivated by these models are selected and applied. Whenever possible, treatments supported by empirical studies demonstrating treatment efficacy are selected. Examples include, but are not limited to, semantic feature analysis (Boyle & Coelho, 1995) ; Verb Network Strengthening Treatment (Edmonds, Nadeau, & Kiran, 2009 ); Treatment of Underlying Forms (Thompson & Shapiro, 2005) ; phono-motor treatment (Kendall et al., 2008) ; and lexical, phonological, and interactive spelling treatments (Beeson, Hirsch, & Rewega, 2002; Beeson, Rising, Kim, & Rapcsak, 2010) . In addition to sharing a general theoretical basis in psycholinguistic models of language processing, these treatments all heavily rely on practice and repeated drilling of tasks organized around relatively discrete units of language. Although the particular stimuli used are selected to be personally salient for each client, the focus of treatment is on improving the underlying cognitive-linguistic processes rather than on language performance in a particular social context.
For example, a participant demonstrating an impairment of the lexical-semantic system, as evidenced by patterns of performance on assessment procedures such as selected subtests of the PALPA or the PNT, may be treated using semantic feature analysis (Boyle & Coelho, 1995) which is motivated by the spreading-activation theory of semantic processing (Collins & Loftus, 1975) . In this psycholinguistically based treatment approach, word retrieval is targeted by verbal generation of semantic features, thereby accessing conceptual information and activating the semantic network of the target. Similarly, a participant demonstrating impairments in the production of syntactically complex sentences, as evidenced by performance on the NAVS and the connected speech sample, may be treated using Treatment of Underlying Forms. This treatment targets the production of complex sentences, explicitly modeling their abstract grammatical structure to facilitate production (Chomsky, 1986) .
Group and socially oriented activities. In addition to highly structured model-driven treatments, group and socially oriented therapy activities that allow for conversational coaching and interaction with both familiar and unfamiliar partners are provided 4 to 6 hr weekly. All group activities are developed and led by licensed SLPs. Groups typically include three to 10 community-dwelling persons with aphasia. For larger groups, as many as three SLPs may serve as facilitators.
One purpose of socially oriented group activities is to promote generalization of performance gains observed during individual treatment tasks to novel tasks, settings, and communicative partners. A second purpose, grounded in emerging evidence for the efficacy of socially oriented treatment approaches, is to enhance clients' social participation by improving their communication environment or their strategies for overcoming environmental barriers to communication (Elman & Bernstein-Ellis, 1999; SimmonsMackie, 2001; Worrall, 2000) .
For example, a participant's communication goal may be to order food in a restaurant. Although the participant may be receiving individual treatment targeting lexical retrieval of food items, among other categories, in the context of semantic feature analysis (Boyle & Coelho, 1995) , and verbal production of verb argument structures within the context of Verb Network Strengthening Treatment (Edmonds et al., 2009 ), he or she may also engage in smallgroup treatment activities aimed at ordering food in a restaurant. During such activities, the clinician serves as a facilitator, using conversational coaching techniques or scaffolding techniques to promote effective communication and arranging environmental adaptations to enhance the participant's communicative success (Simmons-Mackie, 2001 ). Such activities may subsequently be extended to novel settings, such as a cafeteria, and to novel communication partners.
Client education. Educational programming on a variety of topics, including aphasia communication strategies, secondary stroke prevention, aphasia advocacy, and living with aphasia, are developed and presented by licensed SLPs weekly. These 60-to 90-min group presentations are provided to participants and their caregivers (when available) and include customized resources based on each participant's physical, emotional, and communicative needs and geographic location. Resources often include both therapeutic and social resources for recovery, including support groups. The final educational session is conducted with individual participants and their respective caregivers. During this session, the treating SLP discusses the participant's performance in PIRATE, makes recommendations regarding outpatient aphasia therapy services, and provides a home treatment program.
Outcome Measures
Three types of outcomes are collected: (a) performancebased, (b) client-reported, and (c) surrogate-reported assessments of communicative functioning. Performance-based assessments are collected at initial evaluation, program entry, program exit, and follow-up and provide information about impairment-level outcomes. Initial evaluations are conducted on a rolling basis, and the time elapsed between the initial evaluation and program entry is variable (in the current sample, M = 3.91 months, SD = 3.2 months). The time between program entry and program exit is less variable (M = 0.76 months, SD = 0.09 months), given that programentry testing is typically done on the first 1 to 2 days of a session and exit testing is typically done on the last 1 to 2 days (more detail on the timing of exit testing is provided in the Discussion section). Follow-up testing is typically completed approximately 2 months after program exit (M = 1.9 months, SD = 0.42 months).
Client and surrogate-reported assessments are obtained at initial evaluation, program entry, and at follow-up (rather than program exit), because they are designed to assess clients' and family members' perceptions of communicative functioning within the context of their daily lives. These assessments provide information about activity and participantlevel outcomes. Each assessment is described below.
CAT. In addition to its role as a diagnostic assessment, the CAT serves as the primary performance-based outcome assessment. Specifically, we compute the CAT modality mean T score, which serves as an indicator of overall aphasia severity. This composite score measure is derived by averaging the T scores across the eight modalities of the language battery: (a) comprehension of spoken language, (b) comprehension of written language, (c) repetition, (d) naming, (e) spoken picture description, (f ) oral reading, (g) writing, and (h) written picture description (Swinburn et al., 2004) .
Early in the program's history, the CAT was given only at the initial evaluation, and the Porch Index of Communicative Ability (PICA; Porch, 2001 ) overall score was used as the primary performance-based outcome measure. To retain those early cases in our outcome data set, we transformed the PICA scores to the same scale as the CAT modality mean T scores using the following procedures: First, using the published norms, we standardized the PICA scores via equipercentile matching with the standard normal distribution. Second, we transformed the standard scores to T scores (M = 50, SD = 10). Third, using 36 cases for which we had concurrent PICA and CAT scores from the PIRATE initial evaluation, we regressed the CAT modality T score means onto the PICA T scores. We excluded two cases with absolute standardized residuals greater than 2 and obtained R 2 , slope, and intercept estimates of 0.83, 1.36, and -20.49, respectively. Finally, we used the coefficient estimates to transform the PICA T scores to the scale of the CAT modality mean T scores. In the results we report below, the CAT scores for 33 individuals, representing 113 data points, were based on PICA scores transformed in this manner. Although the CAT and the PICA differ in their specific theoretical emphases, there is considerable overlap in their conceptual orientation toward aphasia, task selection, and scoring. Thus, we believe that their respective overall scores represent essentially the same construct of overall aphasia severity.
Story Retell Procedure. The Story Retell Procedure (SRP) serves as a second performance-based assessment. The SRP is a standardized language elicitation procedure consisting of four forms that have been demonstrated to yield equivalent measures of 12 operationally defined productive language variables (Doyle et al., 2000) . Each form consists of three short stories that are read aloud by the examiner. After each story, the respondent is instructed to retell the story as completely as possible. A different form was administered to participants at each of the four measurement points. Their retells were audio recorded and scored according to standardized procedures described by McNeil, Doyle, Fossett, Park, and Goda (2001) to obtain an estimate of the informativeness of their connected speech, which we report as our outcome measure.
Aphasia Communication Outcome Measure. The Aphasia Communication Outcome Measure (ACOM; Doyle et al., 2013 ) is a client-reported and surrogate-reported assessment of communicative functioning. The ACOM included in the present analyses was a 38-item version that included content related to everyday speaking, listening, reading, and writing activities. This particular version was created for use by the PIRATE team on the basis of preliminary data from the initial field trial of the ACOM item pool that was ongoing at the time of the program's inception. All responses are given on a 0-to-3 scale describing the effectiveness with which the communication activity in question is accomplished. For the purposes of our outcomes database, the average item scores are transformed to normalized T scores using the sample of 329 stroke survivors and surrogates who ultimately participated in the initial ACOM field trial as a normative reference group.
Method
Participants At the time of this report, 73 community-dwelling adults (65 veterans and eight active duty personnel) with aphasia have participated in PIRATE since its inception in January 2009. Participants represent enrollees from 16 different Veterans Integrated Service Networks (VISNs) and 26 states. Of these 73 participants, three had participated in two PIRATE sessions; the present analysis included only the first set of observations for these veterans. In three cases, participants who began a PIRATE session did not complete it. In one case, there was concern for an acute stroke, which turned out to be unfounded, and this veteran provided follow-up outcome data and returned for a second session. In the second case, the veteran decided to end his participation early for personal reasons. In the third case, the veteran experienced multiple falls during his first week and was determined to be unsafe for independent living. Of the 73 veterans included in this report, seven were less than 6 months postonset of aphasia at the time of initial evaluation, and two were less than 6 months postonset at program entry. Additional descriptive data are presented in Table 1 .
Clinical Outcomes: Analysis and Results
Analysis model. We analyzed the outcome data using a Bayesian latent growth curve model (Zhang, Hamagami, Wang, Nesselroade, & Grimm, 2007) . Latent growth curve modeling serves the same purpose in this context as repeatedmeasures analysis of variance (ANOVA) but is associated with the factor analysis tradition and is less exclusively focused on differences between groups (as compared to differences between individuals) than is repeated-measures ANOVA (Voelkle, 2007) . Also, latent growth curve modeling can be viewed as a general approach that includes repeated-measures ANOVA as a special case (Voelkle, 2007) .
In the present latent growth curve model the three or four observations for each outcome measure were specified as indicators of two latent (unobserved) factors, one representing the initial score level and the other representing change over time. The level-factor coefficients (loadings) were fixed at 1 for all time points. The change-factor coefficients were fixed at 0 and 1 for the first and last observations (baseline and follow-up), respectively, and the coefficients for the intermediate observations (program entry and program exit) were freely estimated. These specifications permitted modeling of nonlinear patterns of change over time. The latent growth factors were permitted to covary within and across the four outcome measures. The residual variances for each observed variable were constrained to be independent and equal across time for each outcome assessment. These residual variance terms explicitly account for measurement error in the observations.
With the model specified as described above, each observed data point is viewed essentially as a function of four quantities: (a) the estimated initial level, which is added to (b) the estimated overall amount of change between the first We estimated the latent growth curve model using Bayesian methods because they provide a basis for inference that is more consistent with the requirements of clinical program evaluation than traditional frequentist methods based on null-hypothesis significance testing. Whereas traditional frequentist p values and confidence intervals provide information only about the probability of the data given the null hypothesis, Bayesian methods provide information about the hypotheses of interest given the data and specified prior assumptions (Gill, 2009 ). This information is provided in the form of a distribution for each model parameter of interest, called the posterior distribution, to distinguish it from the prior distribution, which represents one's knowledge before observing any of the current data. Also, the interpretation of frequentist p values depends on the notion that the observations could, in principle, be independently replicated a large number of times under exactly the same conditions. This dependence on frequency counts as a basis for probabilistic inference leads to well-known concerns about multiple comparisons and the inflation of the Type I error rate (Gelman, Hill, & Yajima, 2012; Kruschke, 2010) . In contrast, the Bayesian view of probability is that it represents a subjective degree of belief. Bayesian inference proceeds from prior assumptions that are updated with observed data to yield posterior distributions for each quantity of interest. These posteriors then become the priors for subsequent analyses when additional observations are made. This system obviates concerns about the inflation of the Type I error rate arising from multiple analyses of overlapping data sets. It also lends itself well to clinical program evaluation where routine updating of prior knowledge with new data is desirable and appropriate.
Missing data. Sixty-one participants (80%) had one or more missing observations, and 21.3% of observations were missing overall. Sixty-three participants (83%) provided complete data on at least one outcome measure, and 46 participants (61%) provided complete data on two or more measures. All participants provided at least one pre-PIRATE observation on all four outcome measures, and 68 participants (93%) had at least one posttreatment observation. Three participants who lacked posttreatment observations were recent PIRATE participants for whom posttreatment data were not available at the time of these analyses. The two other participants who lacked posttreatment data were veterans described above who did not complete PIRATE.
A plurality of the missing observations (48% of the missing data points) occurred at follow-up across the four assessments, and we attribute the missingness in these cases at least in part to the difficulties inherent in collecting data from individuals spread over a large geographic area. In many cases, veterans are understandably unable or unwilling to return to Pittsburgh for follow-up testing, and we have only relatively recently begun to assess PIRATE participants using telehealth methods. As a rough test of this assumption, we coded each participant as to whether the follow-up CAT score was missing and whether the veteran was served by our local VISN (VISN 4). The correlation between these two variables was -.35, p < .01, indicating that veterans from within VISN 4 were indeed less likely to have missing data at follow-up. At the same time, the VISN 4 indicator variable was unrelated to the estimated level (initial performance) or shape (change) scores. A second large portion of missing observations (an additional 26% of missing data points) occurred for the SRP at all four time points because we began using it as an outcome measure only in the second year of the program. The remaining 26% of missing data points, for which missingness is more difficult to summarize, comprised only 5.5% of the total observations. In estimating the latent growth curve model, missing data were handled with multiple imputation (Asparouhov & Muthén, 2010; Graham, 2009) . We conducted the initial analysis treating all missing observations as missing at random, 1 and we used the proposed model to estimate values for the missing data. Five data sets with imputed values for all missing observations were created; each of these was analyzed; and the final parameter estimates, posterior standard deviations, and credible intervals were taken as the average across the five analyses. Multiple imputation is generally preferred to other methods of dealing with missing data, such as listwise deletion or mean substitution, because it typically introduces less bias into model parameter estimates and more faithfully reflects the increased uncertainty associated with missing observations (Graham, 2009) .
Results
The latent growth curve model was estimated in Mplus version 7 (Muthén & Muthén, 2012) using the Bayes estimator with default uninformative priors. 2 We confirmed Markov chain Monte Carlo (MCMC) convergence using the Gelman-Rubin potential scale reduction factor (Gelman & Rubin, 1992) and inspection of autocorrelations and trace plots for each chain. Details are provided in the Appendix. Final posterior distributions were estimated on the basis of 50,000 MCMC samples from two independent chains after discarding a 50,000-sample burn-in period.
Posterior predictive checking using the likelihood ratio c 2 statistic (Gelman, Meng, & Stern, 1996) indicated tenable fit of the latent growth curve model to the data for both 1 In the context of missing data analysis, missing completely at random means that the cases with missing observations can be considered a random subset of all cases. Missing at random means that the missing data are missing completely at random conditional on the observed data. 2 Uninformative priors make the weakest possible assumptions and give the current data maximal influence over the resulting posterior distributions and parameter estimates. Bayesian analysis with uninformative priors typically yields results that are very similar to frequentist methods. the original data set, p = .073, and the imputed sets, average p = .079. The model-estimated means and 95% credible intervals 3 (CIs) for each outcome measure at each observation are provided in Figure 1 . For each outcome measure, the mean and variance of the latent change factor were greater than 0, with 95% CIs excluding 0, indicating first that there was, on average, significant positive change between baseline and follow-up on all measures and, second, that participants differed from each other in the degree of change. Distributions of individual change score estimates for each assessment are presented in Figure 2 . These estimates are plausible values computed for each of the five multiple imputation data sets (Von Davier, Gonzalez, & Mislevy, 2009 ), which represent a likely distribution of change scores for each individual. Rather than averaging these plausible values for each participant, we plotted each value separately in the histograms in order to accurately represent the uncertainty in the individual change score estimates. Figure 2 shows that despite the strong average trend for scores to increase over time, in a minority of cases there was likely no change or even decline. At the same time, there was reliable improvement on at least one outcome in 96% of cases, on two or more outcomes in 72% of cases, and on all four outcomes in 24% of cases.
One of the advantages of MCMC methods for Bayesian model estimation is that they conveniently support inferences about arbitrary functions of model parameters. We used functions of the latent factor means and change coefficients to answer specific questions about the patterns of change over time in terms of the score units for each assessment. These results are summarized in Table 2 and described below.
First, we asked whether there was change during the baseline interval-that is, between the initial evaluation and program entry. There was positive change on all four measures, and in each case the 95% CI excluded 0. Thus, we concluded that there was at least a 95% probability that, on average, scores improved on these assessments during the baseline interval. Second, we asked whether there was change during the treatment interval-that is, between program entry and program exit for the CAT and SRP and between program entry and follow-up for the ACOM and surrogate ACOM (SUR-ACOM). In each case, the change score was positive with a 95% CI that excluded 0.
Third, we asked whether the change observed during the treatment interval was greater than the change observed during the baseline interval. The difference was positive and reliable for the CAT and SUR-ACOM, but the 95% CIs for the SRP and the ACOM included 0.
We also computed for each assessment the rate of change (per month) observed during baseline and treatment and compared them. It is important to note that for all four assessments the rate of change observed during treatment was reliably greater than the rate of change observed during baseline.
Finally, for the CAT and the SRP we asked whether there was significant change between program exit and the follow-up assessment. For the CAT, the estimated score at follow-up was 0.30 T score units higher than at program exit, 95% CI [0.04, 0.58]. On the SRP, the follow-up score was 1.34% information units lower than at program exit, 95% CI [-2.36, -0.50]. In both cases, the change score was significantly different from 0.
In addition to drawing inferences about change over time, we inspected the matrix of correlations between the level and change factors for the four outcome assessments. The full correlation matrix is presented in Table 3 . As expected, the level factors for all four assessments were positively correlated, but with wide credible intervals in some cases. The correlations between the change factors were less consistent and had even wider credible intervals, though with positive point estimates in most cases. Also, in general, initial performance was positively correlated with change across the measures, though not always reliably so. The strongest correlations were between the CAT and SRP, and the weakest generally involved the SUR-ACOM.
Discussion
An increasing number of ICAPs are being established in both the United States and abroad. These programs differ with respect to the treatments delivered, dosing parameters, and outcomes measured. The purpose of this article was to describe the rationale, clinical processes, and outcomes of a residentially based intensive aphasia treatment program operated by the VAPHS.
We found that a selected group of veterans and active duty military personnel improved on four standardized measures indexing both impairment level and activity/ participation level communication outcomes following the 23-day intensive treatment course described above. Specifically, using a Bayesian latent growth model we found positive reliable group change during the baseline period, followed by positive change during the treatment period that was reliably greater in both its magnitude and rate of change. These findings are consistent with those of Code, Torney, Gildea-Howardine, and Willmes (2010) and Rodriguez et al. (2013) , who observed improved performance on both impairment-level and activity-/participation-level outcomes in adults with chronic aphasia after intensive, comprehensive aphasia treatment . With respect to the change observed during the baseline period (M months elapsed = 3.9, SD = 3.2 months), it should be noted that a number of the present participants were receiving nonintensive outpatient treatment at their local VA medical centers during this interval and that seven of these participants were also within 6 months postonset of their aphasia. Together, these factors may have accounted for the observed changes during baseline. These findings are consistent with those of Hinckley and Craig (1998) , who used a similar within-subject group design and observed greater change on measures of confrontation naming 3 Credible intervals are the Bayesian analogue to frequentist confidence intervals. A 95% credible interval is the range that provides a 95% probability of covering the parameter in question, given the data and prior assumptions. and the informativeness of connected speech following an intensive residentially based treatment program (23 hr/week for 6 weeks) as compared to a nonintensive outpatient treatment schedule (< 3 hr/week for 6 weeks) in a sample of 15 community-dwelling adults with chronic aphasia.
We also should noted that although participants who improved over the course of PIRATE tended to do so on multiple outcomes, not all participants who completed the program improved. Figure 2 shows that, for a small minority of participants, no change or a decline in performance was observed for all outcomes-that is, despite our efforts to select community-dwelling candidates considered to have a positive treatment prognosis based on their individual medical, mental health, and cognitive and social support status, we did not observe universal improvement on our selected outcome measures. This finding is consistent with those of Code et al. (2010) , Hinckley and Craig (1998) , and Rodriguez et al. (2013) , who reported large individual differences in response to intensive treatment in independent samples of adults with chronic aphasia.
Although it was beyond the scope of this project to identify predictors of treatment success, readers should note in Table 3 that aphasia severity as measured by the CAT modality mean T score at initial evaluation was moderately correlated (.39-.58) with change over time on our outcome measures. Thus, in this sample of community-dwelling adults with chronic aphasia, aphasia severity accounted for 15%-30% of the variance in individual outcomes. This finding is consistent with those of Code et al. (2010) , who reported that their more severely impaired participants improved less, but it is inconsistent with those of Persad, Wozniak, and Kostopoulos (2013) , who reported negative and null associations between aphasia severity and intensive treatment outcomes in a sample of 125 adults with chronic aphasia. Our findings are also inconsistent with those of Dickey and Yoo (2010) , who reported a null association between aphasia severity and treatment outcomes in their meta-analysis of 30 participants who underwent linguistically motivated sentence production training. Further well-designed prospective research trials will be required to identify accurate predictors of intensive treatment outcomes.
Although the findings reported herein are promising, they must be interpreted with caution and are subject to the following limitations. First, in this article, we have described an ongoing retrospective evaluation of the feasibility and outcomes of a novel service delivery model intended to increase access to evidence-based language rehabilitation services and to improve the outcomes of community-dwelling adults with aphasia. As such, the within-subject time series analysis of the data was sufficient for the intended observational purposes of this project, but it does not permit strong inferences regarding the relationship between the applied intervention and the observed outcomes. Thus, we can confidently conclude that our participants improved and that their improvement was greater in magnitude and rate during treatment as compared to at baseline. Nevertheless, the lack of an appropriate control group precludes us from inferring that our treatments caused the improvement. For example, we cannot rule out the potential influence of known extraneous variables, such as the communal living situation in which our participants resided during the 24-day residential program, or other unknown extraneous variables or their interaction with the active intervention program.
Second, all participants received individually tailored treatment protocols that frequently included multiple psycholinguistically oriented treatments delivered in parallel or sequentially during the course of treatment as indicated, as well as more socially oriented group activities. Thus, only the intensity, duration, and general treatment approach were held constant across participants; there was no attempt to deliver a predetermined treatment protocol to all program participants. Therefore, we cannot assert with confidence which components of this complex intervention may have been the active agents of the observed changes (see Baker, 2012; Cherney, 2012; and Warren, Fey, & Yoder, 2007 , for further discussion of this issue).
Third, our sample was selected only from the population of VHA-enrolled veterans and active duty service personnel who were referred to the program, and program admission was determined by team consensus that was based on a number of quantitative and qualitative variables. Thus, we cannot rule out the influence of selection bias on the observed results.
Fourth, despite our efforts to collect complete outcome data from all program participants, a nonnegligible proportion of observations (21%) were missing in the present analysis, and this may have biased the results. We took steps to investigate and mitigate the potential impact of the missing data, including identifying potential causes of missingness that were unrelated to program outcome (loss at follow-up due to distance from Pittsburgh, and the late addition of the SRP to the program outcome battery) and using multipleimputation methods to more accurately characterize the uncertainty in the model parameter estimates. Nevertheless, the missing data are a limitation of this report.
Fifth, certain program components were modified during the course of its development in response to practical constraints and organizational opportunities and priorities. Two such modifications involved changes to the testing environment in which the reported outcomes were obtained and could potentially serve as additional alternative explanations for certain aspects of the results.
One modification involved moving the CAT and SRP program-exit assessments from the last day of the program, when many participants were reunited with family members and frequently had air travel arrangements, to the day prior. The original arrangement was considered a limitation by program participants and family members, and our clinical providers expressed concern that it was contributing to lower performance on the outcome assessments. Indeed, separate analyses of participants tested on the last day (n = 38) as compared to the penultimate day (n = 35) revealed changes from exit to follow-up on the CAT only in the former and not the latter cohort. This raises the possibility that the improvement at follow-up reported for the total sample may represent an artifact of the different assessment conditions and that CAT performance was actually depressed in participants whose program-exit evaluations were conducted on the same day as their travel arrangements.
Another program modification involving the testing environment concerned the methods of assessment used for initial evaluations and program follow-up. Because of both an increasing number of referrals from geographically remote VA medical centers and VHA priorities, in February 2012 we began conducting initial evaluations and follow-up assessments via clinical video telehealth, a modality in which standard telehealth equipment and a high-bandwidth connection provide a secure, real-time audio and video connection between two clinical sites. Prior to this time, follow-up CAT and SRP assessments were administered and scored face to face by the local (referring) SLP. Current studies that have included direct comparisons of the SRP (Georgeadis, Brennan, Barker, & Baron, 2004) and the CAT (WinansMitrik et al., 2013) administered via telehealth and face to face have reported that these and other aphasia assessments (Hill, Theodoros, Russell, Ward, & Wootton, 2009 ) yielded comparable results across testing conditions when delivered by trained providers experienced with the test instrument. In the current data, separate analysis of the SRP data in the 17 participants who had follow-up assessment done by a PIRATE clinician and the 11 who had a follow-up SRP administered and scored by a referring clinician revealed a smaller decline in the former group (1.5% information units [IUs] vs. 4.5% IUs), though in both cases the 95% CI included 0. Thus, although it is not possible to assert with confidence, the decrease in performance on the SRP observed from program exit to program follow-up may be explained in part by differences in the reliability between local SLPs who administered and scored the SRPs online versus SRPs obtained via clinical video telehealth that were recorded and scored offline by PIRATE SLPs who were more experienced with the SRP administration and scoring procedures.
In this article, we have described the rationale, clinical processes, and clinical outcomes of a residentially based ICAP. ICAPs differ with respect to treatments delivered, dosing parameters, and outcomes measured. Specifying the defining components of complex interventions, establishing their feasibility, and describing their outcomes are necessary to guide the development of controlled clinical trials. Future research should be aimed at establishing what client factors contribute to treatment success, what components of complex intervention are active agents of the observed changes, and the treatment dose necessary to maximize both impairment and activity-/participation-level communication outcomes in community-dwelling adults with aphasia.
